SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, Takahiro OISHI, a subject of Japan 
and residing at Tokorozawa-shi, Saitama, Japan, Masaaki OMOTANI a 
subject of Japan and residing at Sayama-shi, Saitama, Japan and Kohei 
SHIOMOTO5 a subject of Japan and residing at Iruma-shi, Saitama, Japan 
have invented certain new and useful improvements in 

"BANDWIDTH MANAGEMENT APPARATUS AND METHOD, 
PROGRAM THEREFOR AND RECORDING MEDIUM WITH 
THE PROGRAM RECORDED THEREON" 
and we do hereby declare that the following is a full, clear and exact 
description of the same; reference being had to the accompanying drawings 
and the numerals of reference marked thereon, which form a part of this 
specification. 
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B ANDWIDTH MANAGEMENT APPARATUS AND METHOD, 
PROGRAM THEREFOR AND RECORDING MEDIUM WITH THE 
PROGRAM RECORDED THEREON 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a bandwidth management method and 
apparatus for use in a connectionless IP (Intemet Protocol) communication 
network or the like which is free from the necessity of setting a connection 
prior to the start of communication and, more particularly, a bandwidth 

1 0 management method and apparatus for a communication network which 
guarantees the minimum cormnunication bandwidth. 

In a connectionless communication network like the IP 
communication network, there are no end-to-end paths predetermined. In 
other words, it is not predetermined over which path the input datagram 

1 5 packet is to be routed through the network. Upon input of the packet to one 
node in the network, the node router refers to its forwarding table and 
determines the link to which the packet is to be sent next in accordance with 
the destination address contained in the header of the packet. 

The forwarding table is determined by an SPF (Shortest Path First) 

20 scheme. SPF is a table for selecting a path that minimizes the total cost of 
weighted values of links between the input (source) and output (destination) 
nodes. Accordingly, packets from the same input node to the same output 
node are always routed through the network over the same path. Since the 
packet routing by SPF takes place irrespective of individual traffic, however, 

25 particular paths or links in the network may sometimes become so congested 
with packets that required packet routing is impossible to achieve, allowing 
them to be lost or missing. 



-2- 

As a solution to this problem, there is available an architecture called 
Diffserv (Differentiated Services) (IETF RFC2475). This architecture sets a 
plurality of priority service classes to treat services differently to enhance the 
quality of communication over the Intemet. Of the services, an EF 
5 (Expedited Forwarding) class (IETF RFC2475) is a service class that 

guarantees each user's contracted bandwidth (transmission rate expressed in 
Mbits/sec, for instance). But it is the bandwidth for packet input that the 
user contracts, and the destination of the packet is imknown. 

For example, in such an IP network ND as depicted in Fig. 1 which 

10 contains nodes NDl to ND5 connected by links Lu, L21, Ln, L31, L14, L41, L15, 
L51, L23, L32, L255 L525 L34, L43, the nodes NDl, ND2, ND3 are used as edge 
nodes cormected to user apparatuses Ul, U2, U3 or other networks to form a 
Diffserv network DNW, in which a bandwidth guarantee for each user 
belonging to the EF class or assured forwarding class, for example, Ul, is 

15 required for the packet input to the edge node NDl . In Fig. 1 the edge node 
NDl, for instance, is shown to have connected thereto one user apparatus Ul, 
but in practice, plural user apparatuses are connected to the edge node. This 
applies to the other edge nodes and those in the network that embodies the 
present invention as described later on. In the coimectionless data transfer as 

20 in Diffserv, since no particular path is preset, the destination node of the 
packet unknown until it is actually input to the network and its destination 
information is read. 

To provide bandwidth guarantees for the Diffserv users, it is necessary 
to confirm the bandwidth to be guaranteed for all possible traffic pattems over 

25 the Diffserv network. In practice, however, candidates for destination edge 
nodes are as many as the edge nodes forming the network, and consideration 
needs to be taken of all possible pattems as to how much traffic flows to 
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which edge node. Letting N represent the number of edge nodes and K the 
number of steps of the bandwidth for admissible traffic to each edge node, the 
number of input traffic pattems for all the edge nodes is (K+M-2)!/(N-2)!K!. 
For example, when N=5 and K=5, the number of traffic pattems for all edge 
5 nodes is as large as 56^. In the actual network, the value N is far greater, and 
consequently, the number of possible traffic pattems further increases 
correspondingly; it is practically impossible to taken into account such an 
enormous number of traffic pattems. 



10 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a 
bandwidth management apparatus and method that allow ease in estimating 
the admissible bandwidth for a new bandwidth reservation request of a user of 
the EF or assured forwarding class in the Diffserv network, thereby 

1 5 implementing the calculation of the admissible bandwidth in the network with 
low computation complexity. 

Another object of the present invention is to provide a program for 
implementing the bandwidth management apparatus and method, and a 
recording medium with the program recorded thereon. 

20 According to a first aspect of the present invention, a bandwidth 

management apparatus is intended for use in a network in which a plurality of 
nodes, including two or more edge nodes connected to other networks or 
users, are connected by links, the bandwidth management apparatus for 
managing the reservation of a bandwidth by each of said edge node, 

25 comprising: 

a link-bandwidth table for recording a residual bandwidth of each of 
said links; and 
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an admissible bandwidth calculating device for calculating an 
admissible bandwidth in response to a received bandwidth reservation request 
containing requested bandwidth information representing a requested 
bandwidth for reservation and destination information representing 
5 destination edge nodes; 

wherein said admissible bandwidth calculating device includes: a 
residual bandwidth calculating part which decides whether the reservation of 
said requested bandwidth is unacceptable or acceptable, depending on 
whether the residual bandwidth of at least one of all links from an arbitrary 

10 one of said edge node to all of said destination edge nodes is less or more than 
a bandwidth necessary for reservation based on said requested bandwidth; and 
a bandwidth reservation part which, if the reservation of said requested 
bandwidth is acceptable, updates the residual bandwidth in said 
link-bandwidth table corresponding to each link of the shortest path to each 

1 5 destination edge node by subtracting said bandwidth necessary for reservation 
from said residual bandwidth. 

The bandwidth management apparatus according to the first aspect of 
the invention may be adapted so that said bandwidth reservation part includes 
means for limiting the bandwidth reservation of the same request by the same 

20 edge node for each link to one reservation and updating said residual 
bandwidth. 

According to a second aspect of the present invention, a bandwidth 
management apparatus is intended for use in a network in which a plurality of 
nodes, including two or more edge nodes connected to other networks or 
25 users, are connected by links, the bandwidth management apparatus for 
managing the reservation of a bandwidth by each of said edge node, 
comprising: 
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a link-bandwidth table for recording the maximiim admissible 
bandwidth and a pre-reserved bandwidth of each of said links; and 

an admissible bandwidth calculating device for calculating an 
admissible bandwidth in response to a received bandwidth reservation request 
5 containing requested bandwidth information representing a requested 
bandwidth for reservation and destination information representing 
destination edge nodes; 

wherein said admissible bandwidth calculating device includes: a 
residual bandwidth calculating part which calculates the residual bandwidth 
10 of each Imk of the shortest path to each of said destination edge nodes of said 
bandwidtii reservation request from said pre-reserved bandwidth and said 
maximum admissible bandwidth of said link-bandwidth table, and decides 
whether the reservation of said requested bandwidth is unacceptable or 
acceptable, depending on whetiier the residual bandwidth of at least one of 
15 said links is less or more than a bandwidth necessary for reservation based on 
said requested bandwidth for reservation; and a bandwidth reservation part 
which, if the reservation of said requested bandwidth is acceptable, updates 
the residual bandwidth in said link-bandwidth table corresponding to each 
link of the shortest path to each destination edge node by subtracting said 
20 bandwidth necessary for reservation from said residual bandwidth. 

The bMidwidth management apparatus according to the second aspect 
of the invention may be adapted so that said bandwidth necessary for 
reservation is said requested bandwidth for reservation and that said 
bandwidth reservation part includes means for limiting the bandwidth 
25 reservation of the same request by the same edge node for each link to one 
reservation and updating said residual bandwidth. 

The bandwidtibi management apparatus according to the first or second 
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aspect of the invention may further comprise means for sending said 
bandwidth reservation request to said edge nodes except that making said 
bandwidth reservation request when it is decided that the reservation of said 
requested bandwidth is acceptable. 

5 In the bandwidth management apparatus according to the first or 

second aspect, said destination edge nodes may be all of said edge nodes 
except that making said bandwidth reservation request. 

A bandwidth management method for said bandwidth management 
apparatus according to the first aspect of the invention, which refers to a 

10 link-bandwidth table with each link and its residual bandwidth recorded 
thereon and decides whether the reservation of a bandwidth in a received 
bandwidth reservation request is acceptable or not, comprises the steps of: 

(a) responding to said received bandwidth reservation request 
containing a requested bandwidth for reservation and destinations to read out 

1 5 of said link-bandwidth table the residual bandwidth for said each link of the 
shortest path to each of said destinations; 

(b) deciding whether the reservation of said requested bandwidth is 
acceptable or not, depending on whether the residual bandwidth of every link 
on the shortest paths to all of said destination edge nodes is more or less than 

20 a bandwidth necessary for reservation based on said requested bandwidth for 
reservation; and 

(c) updating said residual bandwidth in said link-bandwidth table 
corresponding to the link of each of said shortest paths to said destination 
edge nodes by subtracting said bandwidth necessary for reservation from said 

25 residual bandwidth when it is decided in said step (b) that said residual 
bandwidth is more than said bandwidtii necessary for reservation. 

In the above method, the updating of said residual bandwidth by all 
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the edge nodes for the links of the shortest paths to said destination edge 
nodes based on the same bandwidth reservation request in said step (c) is 
Hmited to one time, and said bandwidth necessary for reservation is said 
requested bandwidth for reservation. 
5 A bandwidth management method for said bandwidth management 

apparatus according to the second aspect of the invention, which refers to a 
link-bandwidth table with each link and its residual bandwidth recorded 
iil thereon and decides whether the reservation of a bandwidth in a received 
^11 bandwidth reservation request is acceptable or not, comprises the steps of: 

y;l 10 (a) responding to said received bandwidth reservation request 

.J containing a requested bandwidth for reservation and destinations to read out 

m of said link-bandv^idth table the residual bandwidth for said each link of the 

J JI shortest path to each of said destinations and to calculate of said each link; 

|;i (b) deciding whether the reservation of said requested bandwidth is 

1 5 acceptable or not, depending on whether the residual bandwidth of every link 
on the shortest paths to all of said destination edge nodes is more or less than 
a bandwidth necessary for reservation based on said requested bandwidth for 
reservation; and 

(c) updating said residual bandwidth in said link-bandwidth table 
20 corresponding to the link of each of said shortest paths to said destination 

edge nodes by subtracting said bandwidth necessary for reservation from said 
residual bandwidth when it is decided in said step (b) that said residual 
bandwidth is more than said bandwidth necessary for reservation. 

In the above method, the updating of said residual bandwidth by all 
25 the edge nodes for the links of the shortest paths to said destination edge 
nodes based on the same bandwidth reservation request in said step (c) is 
limited to one time, and said bandwidth necessary for reservation is said 
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requested bandwidth for reservation. 

In the above method for the bandvi^idth management apparatus 
according to the first or second aspect of the invention, said destination edge 
nodes are all of said edge nodes except that making said bandwidth 
5 reservation request. 

A computer program that describes the procedure for implementing 
the above method also falls inside the scope of the present invention. 
Further, it also comes within the scope of the present invention to pre-record 
the program and read it out therefrom for execution by a computer. 

i BRIEF DESCRIPTION OF THE DRAWINGS 

Q Fig. 1 is a schematic diagram showing an example of a conventional 

ru 

m DifEserv network configuration; 

B Fig. 2 is a block diagram of a bandwidth management apparatus 100 

1 5 according to the present invention that is placed in each edge node; 

Fig. 3 Al is a diagram showing an example of an input traffic table; 
Fig. 3 A2 is a diagram showing another example of the input traffic 

table; 

Fig. 3B is a diagram showing an example of a link-bandwidth table; 
20 Fig. 3C is a diagram showing an example of a shortest path table; 

Fig. 4 is a diagram illustrating an example of the Diffserv network 
configuration to which the present invention is applied; 

Fig. 5 is a flowchart showing the procedure for implementing the 
bandwidth management method according to the present invention; 
25 Fig. 6 is a diagram for explaining the bandwidth reservation according 

to a first embodiment of the present invention; 

Fig. 7 is a diagram for explaining links between edge nodes in the 



network and the bandwidth reserved in each link; 

Fig. 8 is a diagram for explaining the reservation of a bandwidth in 
each Imk for input traffic to an edge node NDl in Fig. 7; 

Fig. 9 is a flowchart showing a bandwidth reservation acceptance 
5 decision procedure according to the first embodiment of the invention; 

Fig. 10 is a flowchart showing modifications of steps S6 to SU in Fig. 

9; 

Fig. 1 1 is a diagram for explaining the bandwidth reservation 
according to a second embodiment of the present invention; 
1 0 Fig. 1 2 is a diagram for explaining the bandwidth reservation by all 

edge nodes according to the second embodiment; 

Fig. 13 is a flowchart illustrating a bandwidth reservation acceptance 
decision procedure according to the second embodiment of the invention; 
Fig. 14 A is a diagram schematically depicting a network 
1 5 configuration used for evaluating the first and second embodiments by 
simulations; 

Fig. 14B is a table showing the maximum admissible bandwidths of 
some links in the network of Fig. 14 A; 

Fig. 15 is a graph shoving the maximum value of the requested 
20 b^dwidth that is admissible by the procedure of Fig. 9; and 

Fig. 16 is a graph showing the maximum value of the requested 
bandwidth that is admissible by the procedure of Fig. 13. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 A description will be given, with reference to Figs. 2 to 5, of the 

bandwidth management apparatus and method accordmg to the present 
invention. Fig. 2 illustrates in block form a bandwidth management 



-10- 

apparatus 100 of the present invention that is provided in each edge node of 
the Diffserv network depicted in Fig. 1 . Fig. 4 is a flowchart showing the 
bandwidth management procedure that is followed by the bandwidth 
management apparatus 100. 

According to the present invention, in such a Diffserv network DNW 
as shown in Fig. 1 in which the nodes NDl, ND2, ... are connected by the 
links Li25 L21, Li3, L31, . . the nodes NDl, ND2 and ND3 shown to be 
connected to the users Ul, U2, ... or other networks are edge nodes, each of 
which has in its router the bandwidth management apparatus 100 depicted in 
Fig. 2. In the following description, the number of edge nodes is represented 
by N, which is an integer equal to or greater than 2. 

In some instances, the network, to which the present invention is 
applied, responds to a user's request for bandwidth to offer two kinds of 
services, the one of which does not allow the network user to specify his 
desired destination edge node and the other of which allows the user to 
specify the destination edge node. In the former case, since the user Uj 
(where l<j<N) connected to the edge node NDj needs to be capable of 
selecting an arbitrary destination, it is necessary to secure the user's requested 
bandwidth in the shortest path to every edge node NDi (where i^^j). This is 
equivalent to selecting all the edge nodes NDi (where i=l, . . N; i^j) as 
destinations. In the latter case, the utilization efficiency is higher than in the 
former case since the user's requested bandwidth needs only to be secured in 
the shortest path to the specified destination edge node. In this instance, too, 
if all the edge nodes are specified as destinations, the requested bandwidth 
must be secured in the shortest paths to all the destination nodes. 

The bandwidth management apparatus 100 of the edge node NDj, 
where l<j<N, comprises a bandwidth management part 10, 
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transmitting-receiving part 20, a control part 30 and a storage device 40 as 
depicted in Fig. 2. The bandwidth management part 1 0 is provided with an 
input traffic table 1 1 and a link-bandwidth table 12. In the system where no 
destination is specified, the input traffic table 11 is one that records the total 
5 bandwidth already reserved for traffic input to the DifFserv network from each 
source edge node NDi (i=l , . . N) as depicted in Fig. 3 Al . In the system 
s,,, where the destination is specified, the input traffic table is such as shown in 
j;:;; Fig. 3 A2, in which the total bandwidth akeady reserved for respective paths is 
/i; stored in correspondence with combinations of source and destination edge 

H 10 nodes NDj-NDi. The link-bandwidth table 12 records the maximum 
•"^ admissible bandwidth and pre-reserved bandwidth for each link Lhk as 

|3 depicted in Fig. 3B. 

fU The bandwidth management part 10 is further provided with a 

O topology database 13 for recording topology information representative of 

1 5 connections between nodes and links of the Diffserv network, a shortest path 
calculating part 14 for calculating the shortest path from each edge node to a 
desired destination edge node, and an admissible bandwidth calculating 
device 15 for calculating the residual bandwidth of each link to decide 
whether to accept a reservation for a new input traffic to the edge node NDj. 
20 The admissible bandwidth calculating device 15 is made up of a residual 
bandwidth calculating part 15A and a bandwidth reservation part 15B. In 
the storage device 40 lliere are stored programs for controlling the operations 
of the respective parts 1 1 to 14, 15 and 20 and programs for performing the 
processing by the shortest path calculating part 14 and the admissible 
25 bandwidth calculating device 15. 

In the following description, the "path" will also mean the shortest 
path. The cost of each link is predetermined. The shortest path calculating 
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part 14 has such an internal table 14T as shown in Fig. 3C. The shortest path 
calculating part 14 calculates the shortest path between each combination of 
two edge nodes NDj-NDi based on the information by the topology database 
13, and creates the table 14T in which the link number Lhk (where h^^k) of 
5 each link forming the shortest path is recorded corresponding to the two edge 
nodes as shown. Reference is made, as required, to the table 14T to retrieve 
the link number of the shortest path between two arbitrary edge nodes. 

Upon receiving by the transmitting-receiving part 20 a bandwidth 
reservation request RQ from the user apparatus Uj connected to the edge node 

10 NDj or from other edge node NDi, if the request has no destination edge node 
nor does it specify its destination, the residual bandwidth calculating part 15A 
retrieves from the shortest path table 14T the link numbers of the links 
forming the shortest paths to all the other edge nodes, then reads out of the 
link-bandwidth table 12 the pre-reserved bandwidth and the maximum 

15 admissible bandwidth (i.e., the link capacity) for each link, then calculates the 
residual bandwidth that is the difference between the reserved bandwidth and 
the maximum admissible bandwidth, and decides whether the residual 
bandwidth is more than the bandwidth necessary for requested reservation. 
When the residual bandwidth is more than the bandwidth necessary for 

20 reservation in every link, it is decided that the requested bandwidth 

reservation is acceptable. On the other hand, when the residual bandwidth is 
less than the bandwidth necessary for reservation even in one link, it is 
decided that no reservation is accepted. In this instance, the bandwidth 
reservation part 15B sends a reservation-unacceptable signal NG to the 

25 control part 30, which, in tum, sends the signal NG to the user apparatus Uj 
from the transmitting-receiving part 30. 

When the request for bandwidth reservation is acceptable, the band 
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reservation part 15B updates the prestored bandwidth in the input traffic table 
1 1 by adding it with the requested bandwidth in correspondence with the 
bandwidth-reservation requesting edge node (hereinafter referred to as a 
source edge node), then updates the pre-reserved bandwidth in the 
5 link-bandwidth table 12 by adding it with the reservation-requested 

bandwidth in correspondence with each of the above-mentioned retrieved 
links forming the respective shortest paths, and sends a reservation-acceptable 
signal OK to the control part 30^ The control part 30 sends the signal OK to 
the source edge node, while at the same time it sends the bandwidth 

1 0 reservation request RQ to all the edge nodes of the network. On receiving 
the request RQ, each edge node performs the same processing as that in the 
case of receiving the afore-mentioned bandwidth reservation request RQ. 

Fig. 4 schematically shows the flow of signals when the user apparatus 
U4 sends a new bandwidth request to the edge node ND4 in the Diffserv 

15 network shown to have four edge nodes NDl to ND4 for brevity sake. Fig. 
5 is a flowchart showing the procedure that is followed by the edge node ND4 
to handle the request. 

The user apparatus U4 sends to the edge node ND4 a bandwidth 
reservation request packet RQ (i.e., the afore-mentioned bandwidth 

20 reservation request RQ) according to the EF or assured forwarding class 

service. The bandwidth reservation request packet RQ contains a header H, 
requested bandwidth information BW and destination information FW. The 
requested bandwidth information BW is the user's requested bandwidth, and 
the destination information FW is information for specifying the edge node to 

25 be used by the user as the destination. When the user does not specify the 
destination, or when the user cannot specify the destination according to the 
service he receives, the destination information FW is held blank or 
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~ i 

information specifying all the edge nodes is written. When one or more 
destinations are specified, the corresponding destination information is 
written in the FW field. 

Step SI : Receives tiie user's b^idwidth reservation request RQ with 
5 the bandwidth reservation request (and a destination-specifying request) 
written therein. 

Step S2: Calculate the residual bandwidth of each link for the 
requested bandwidth (and the specified destination). For example, when no 
destination is specified, if the residual bandwidth of each of all the links L41, 

10 L43 and L12 on the shortest paths P4 1 , P42 and P43 fi-om the edge node ND4 
to all the other edge nodes NDl , ND2 and ND3 is more than the 
reservation-requested bandwidth, the edge node ND4 decides that the 
reservation of the requested bandwidth is acceptable, whereas when the 
residual bandwidth is less than tiie reservation-requested bandwidth even in 

15 one link, the edge node ND4 decides that the reservation of the requested 
bandwidth is unacceptable. 

Step S3: If the reservation is unacceptable, send the 
reservation-imacceptable signal NG to the user apparatus U4. 

Step S4: If the reservation is acceptable, add the reservation-requested 

20 bandwidth to the value prestored in the input traffic table 1 1 (Fig. 2) of the 
edge node ND4 to update it, then add the requested bandwidth to the 
pre-reserved bandwidth of corresponding link in the link-bandwidth table 12, 
then send the bandwidth reservation request RQ containing the requested 
bandwidth (and the specified destination) to all the other edge nodes NDl, 

25 ND2 and ND3 of the network, and at the same time, send the 
reservation-acceptable signal OK to the user apparatus U4. 

When no destination is specified as mentioned above, there is a 
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possibility that all the paths from the edge node ND4 to the other edge nodes 
NDl, ND2 and ND3 are used by the user U4, and hence, bandwidth 
reservations are made for all the paths, in which case the destination 
information F W slot need not be provided in the bandwidth reservation 

5 request RQ. That is, the absence of the destination information FW slot 
means that all the other edge nodes have been specified as destinations. 

While tiie Figs. 4-5 example has been described with reference to the 
case of receivmg the bandwidth reservation request RQ from the user 
apparatus Uj connected to the edge node NDj, the above-described processing 

1 0 is performed as well when the edge node NDj receives from another edge 
node NDi the bandwidth reservation request RQ other than that sent from the 
edge node NDj. 

A description will be given below of two embodiments of the Fig, 5 
procedure for deciding whether to accept a bandwidth reservation. 

15 

EMBODIMENT 1 

In this embodiment, if no destination is specified in a new x-[Mb/s] 
bandwidth reservation of the EF or assured forwarding class for input traffic 
to the edge node ND4, for instance, the same x-[Mb/s] bandwidth is reserved, 
20 as depicted in Fig. 6, for the shortest paths P42, P42 and P43 to the edge 
nodes NDl, ND2 and ND3 which are each selectable as the destination. 
This is intended to facilitate the traffic management throughout the Diffserv 
network. 

For example, when bandwidths Xi, X2, X3 and X4 have already been 
25 reserved for input traffic to the edge nodes ND 1 , ND2, ND3 and ND4 as 

depicted in Fig. 7, the following method is used to seek a band y [Mb/s] that 
can be newly reserved for the input traffic to the edge node ND4. Let it be 
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assumed, in this example, that two edge nodes are connected by two links 
separately provided in opposite directions. For example, the edge nodes 
NDl and ND2 are connected by the link Ln from NDl to ND2 and the link 
L21 from ND2 to NDl , and each link has a predetermined maximum 
5 admissible bandwidth. As is the case with Fig. 6, letting the bandwidth to be 
reserved for the input traffic to the edge node NDl be represented by Xi 
[Mb/s], the bandwidth Xi [Mb/s] has been reserved for each of the paths from 
the NDl to the destination edge nodes ND2, ND3 and ND4. Assume that, 
for input traffic to each of the edge nodes ND2, ND3 and ND4, too, 

10 bandwidths X2, X3 and X4 have already been reserved in paths (not shown) 
based on reservation bandwidths X2, X3 and X4. 

In the case of making a new reservation of the bandwidth y for the 
input traffic to the edge node ND4, a check is made to see which bandwidth 
has already been reserved for each link by the edge nodes NDl, ND2, ND3 

1 5 and ND4, and based on the check results, it is decided whether the new 
bandwidth reservation for the input traffic to the edge node NDl is 
acceptable. 

To make the above decision, the bandwidth for each link is determined 
as described below with reference to Fig. 8, in which the reservation of the 

20 bandwidth x for the input traffic to the edge node NDl is shown by three 

different layers for the thick-lined paths to three destination edge nodes ND2, 
ND3 and ND4. Assume that these paths are predetermined by the SPF 
scheme. The lowermost layer shows the total bandwidth reserved for the 
links by the three paths to these three destination edge nodes ND2, ND3 and 

25 ND4. 

In the uppermost layer there are shown thick-lined path to the 
destination edge node ND2 and the link L12 on the path, with the bandwidth Xi 
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[Mb/s] reserved on the link L12. In the layer second from the above there are 
shown the thick-lined path to the destination edge node ND3 and the links L12 
and L23 forming the path. The bandwidth Xi [Mb/s] has been reserved on 
each of the links L12 and L23. In the layer third from the above there are 
5 shown the path to the destination edge node ND4 and the link Lu forming the 
path, and the bandwidth Xi [Mb/s] has been reserved in the link L14 as well. 
The lowermost layer is a superimposed version of the three layers, showing 
the accumulated values of the bandwidths reserved on the respective links. 
In this example, the total pre-reserved bandwidth is 2xi [Mb/s] on the link L12 

10 and xi [Mb/s] on the other links L23 and L14. 

Though not shown, the reserved bandwidths X2, X3, and X4 for the input 
traffic to the edge nodes ND2, ND3 and ND4 have also been calculated in the 
same manner as described above in respect of Fig. 8, and the bandwidth 
reservations for the respective links are accumulated and written as 

15 pre-reserved bandwidths in the link-bandwidth table 12 (Fig. 2) in 

correspondence with the reservation bandwidths X2, X3 and X4 for input traffic 
to the edge nodes ND2, ND3 and ND4. Alternatively, the residual 
bandwidths on each link Ly (where i^j), which is the result of subtraction of 
the pre-reserved bandwidth by each of the edge node NDl, ND2, ND3 and 

20 ND4 from the maximum admissible bandwidth of the link Ly by the residual 
bandwidth calculating part 15 A, may be written in the table 12 in 
correspondence with the link as depicted in Fig. 3B. 

In this way, the latest pre-reserved bandwidth (or residual bandwidth) 
of each link is stored in the link-bandwidth table 12; hence, it is possible to 

25 decide whether to accept the new reservation of the requested bandwidth y for 
the input traffic to the edge node NDj. 

Fig. 9 is a flowchart showing the procedure that the bandwidth 
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management apparatus in the edge node NDj follows in response to the 
bandwidth reservation request RQ received from the user apparatus Uj or 
another edge node. Let the number of edge nodes in this case be represented 
byN. 

5 Step S 1 : Make a check to see if the bandwidth reservation request RQ 

is received. 

Step S2: If so, retrieve from the shortest path table 14T all links of 
each shortest path to the specified destination edge node, then read out the 
pre-reserved bandwidth and maximum admissible bandwidth corresponding 

10 to each retrieved link from the link number in the link-bandwidth table 12, 
and subtract the pre-reserved bandwidth from the maximum admissible 
bandwidth to detect the residual bandwidth. When the residual bandwidth is 
prerecorded in the link-bandwidth table 12 as depicted in Fig. 3B, the residual 
bandwidth needs only to be read out directly. 

1 5 Step S3 : Make a check to determine whether the requested bandwidth 

in the bandwidth reservation request RQ and the bandwidth requested by the 
destination edge node to reserve on each link are less than the residual 
bandwidth. 

Step S4: If the reservation-requested bandwidth in every link is not 
20 less than the residual band, send the reservation-unacceptable signal NG to 
the source edge node having made the bandwidth reservation request RQ, and 
retum to the step S 1 . 

Step S5: If the reservation-requested bandwidth in every link is less 
than the residual bandwidth, add the reservation-requested bandwidth to the 
25 input traffic table 1 1 in correspondence with the pair of the source edge node 
and the destination edge node. 

Step S6: Add the reservation-requested bandwidth to the pre-reserved 
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bandwidth in the link-bandwidth table 12 for each of the links forming the 
shortest paths retrieved in step S2, thereby updating the pre-reserved 
bandwidth- When the residual bandwidth is recorded in the link-bandwidth 
table, the reservation-requested bandwidth is subtracted from the residual 
5 bandwidth to update it. 

Step S7: Send the reservation-acceptable signal OK to the bandwidth 
reservation requesting edge node and the bandwidth reservation request RQ to 
all the other edge nodes, and retum to step SI. The system may also be 
configured so that the bandwidth management apparatus 100 sends the signal 

10 NG to the source edge node only when the reservation is unacceptable but 
does not send the signal OK when the reservation is acceptable. 

In the above, what is intended to mean by the reservation-requested 
bandwidth of each link is the sum total of the requested bandwidths for all the 
shortest paths along the link. According to this embodiment, in the case of 

15 the requested bandwidth xi, the reservation-requested bandwidth for the link 
Li2 is 2xi as referred to previously with reference to Fig. 8. 

The processing by steps S2 to S7 in Fig. 9 in response to the 
bandwidth reservation request RQ has been described to retrieve all the links 
of the all of the shorted paths to the specified destination, calculate the 

20 residual bandwidth in each of the retrieved links and make a check to 

determine if the reservation-requested bandwidth is less than the residual band 
in all the links, but it is also possible to calculate the residual bandwidth for 
each retrieved link and compare it with the reservation-requested bandwidth. 
Fig. 10 shows the procedure that the bandwidth management apparatus 100 

25 follows in such a case. 

Step SI : Make a check to see if the bandwidth reservation request RQ 
is received. 
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Step S2: Choose one of the destinations written in the received request 
RQ, then retrieve one link of the shortest path to the chosen destination, and 
read out the pre-reserved bandwidth and maximum admissible bandwidth of 
the retrieved link from the table 12, 
5 Step S3: Calculate the residual bandwidth from the pre-reserved 

bandwidth and the maximum admissible bandwidth of the link. 

Step S4: Make a check to determine whether the reservation-requested 
1'=^ bandwidth is less than the residual bandwidth. 

O Step S5: If not, send the reservation-unacceptable signal NG to the 

^ 0 10 reservation requesting source. 

Step S6: If the reservation-requested bandwidth is less than the 
residual bandwidth, make a check to see if the processing of step S4 has been 

C!l 

m completed for all the links of that path, and if not so, choose the next link, and 

rti retum to stepS3 . 

Il l 15 Step S7: If the processing has been completed, make a check to see if 

the processing has been completed for the shortest paths to all destinations, 
and if not, choose the shortest path to the next destination, and retum to step 
S2. 

Step S8: If the processing has been completed for all the shortest paths, 
20 add the requested bandwidth to pre-reserved bandwidth of the resource edge 
node in the table 1 1 to update it. 

Step S9: Add the requested bandwidth to the pre-reserved bandwidth 
of the link in the table 12 corresponding to the link of each shortest path 
retrieved in step S2. 

25 Step S 1 0: Send the reservation-acceptable signal OK to the source 

edge node and the bandwidth reservation request RQ to all the other edge 
nodes. 
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According to the procedure of Fig^ 10, when it is found that the 
residual bandwidth is more than the requested bandwidth even in one link, it 
is decided immediately that the reservation is not acceptable, and no decision 
is made for the remaining link. Hence, this procedure has the advantage of 
5 less computational complexity involved. 

As described above, according to this embodiment, when the 
bandwidth reservation request RQ is made, the requested bandwidth is 
C;:i reserved in the shorted paths to all desthiation edge nodes to limit an infinite 

SI number of traffic flow pattems to only one, permitting substantial reduction of 

ii 10 the computational complexity. And it can be detected approximately 
35 whether the traffic of the requested bandwiddi from the edge node NE)j is 

admissible. With this algorithm, it is assumed that the input x [Mb/s] is sent 
i=u intact to all the edge nodes, and consequently, the traffic distribution is 

2 estimated to be more safe than in the actual case. 

lU 15 

EMBODIMENT 2 

In the first embodiment described above, the bandwidth management 
apparatus 100 responds to the bandwidth reservation request RQ for the input 
traffic to the edge node NDj to reserve the requested bandwidth x in each of 

20 the shortest paths from the edge node NDj to all the other edge nodes each 
specified as the destination of the traffic. In this instance, however, since 
different paths (to the edge nodes ND2 and ND3, for instance) are formed 
which pass through the same link (for example, Ln in Fig. 8), the same 
bandwidth x is reserved in the same link a plurality of times as is evident from 

25 the description given above with reference to Figs. 6 and 7~this is xmdesirable 
in terms of the link utilization efficiency. The second embodiment is 
intended to avoid such duplicate reservation of the same requested bandwidth 
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in the same link. 

Fig. 1 1 is a schematic showing of the requested bandwidth reservation 
processing according to this embodiment. Assume that the shortest paths 
from the bandwidth reservation requesting edge node ND4 to all the other 
5 edge nodes each specified as the destination be predetermined as is the case of 
Fig. 6. In Fig. 1 1, the link L41 is common to the paths from the edge node 
ND4 to the destination edge nodes NDl and ND2, and when the requested 
bandwidth x is reserved in the link L41 for either one of the paths, the same 
bandwidth x is not reserved in the link L41 for the other path. Accordingly, 

10 in response to the bandwidth (x [Mb/s]) reservation request for the input 

traffic to the edge node ND4, only the bandwidth x is reserved in the link L41 
between the edge nodes ND4 and NDl as depicted in Fig. 10. 

Fig. 12 is a schematic diagram in which reservations of bandwidths Xi, 
X2, X3 and X4 made by the edge nodes NDl , ND2, ND3 and ND4 for 

15 respective links according to the bandwidth reservation acceptance decision 
scheme are separately shown in four layers. In the Fig. 12 example, the 
pre-reserved bandwidth of the link L12, for instance, is only xi [Mb/s], the 
pre-reserved bandwidth of the link L21 is X2+X3 [Mb/s], and the pre-reserved 
bandwidth of the link L23 is X1+X2 [Mb/s]. 

20 Fig. 13 illustrates the procedure according to this embodiment that the 

bandwidth management apparatus 100 follows to respond to the bandwidth 
reservation request RQ from the user apparatus Uj to the edge node NDj or 
from the other edge nodes NDi. 

The illustrated procedure is common to that of Fig. 9 in that, upon 

25 receipt of the bandwidth reservation request RQ in step SI, the bandwidth 
management apparatus 100 decides whether to allow the bandwidth 
reservation request and, in the case of the reservation being accepted, updates 
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the pre-reserved bandwidth by steps S2 to S7. This embodiment differs, 
however, from the first embodiment in that the bandwidth reservation for each 
link based on the same bandwidth reservation request is limited to the 
requested bandwidth; accordingly, in step S3 in Fig. 13 the requested 
bandwidth is used as the bandwidth necessary for reservation and checked as 
to whether it is less than the residual bandwidth. Further, in step S6 in Fig. 9 
the requested bandwidth is added in a manner to avoid its duplicate addition 
for the same link. The following is an example of the procedure 
corresponding to step S6 in Fig. 9. 

Step S6-1 : Select a path Pji from among the paths to specified 
destinations. 

Step S6-2: Select one of the links on the path Pij. 

Step S6-3: Make a check to see if a pre-reservation flag is up in the 
selected link and, if so, go to step S6-5. 

Step S4: If the flag is down, add the requested bandwidth to the 
pre-reserved bandwidth of that link and set the flag in the link. 

Step S6-5: Make a check to determine whether the processing for all 
the links of the path Pji has been completed and, if not, select the next link 
and retum to step S6-2. 

Step S6-6: If the processing for all the links of the selected path Pji has 
been completed, make a check to determine whether the processing for all the 
paths has been completed and if, not, select the next path and retum to step 
S6-1. 

Step S6-7: If the processing has been completed for all the paths, reset 
the flag. 

It is also possible to apply steps S6-1 to S6-7 in Fig. 13 to step S9 in 
Fig. 9 to avoid the duplicate bandwidth reservation. In such an instance, the 
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requested bandwidth is used as the reservation-requested bandwidth in step 
S4. 

As described above, according to this embodiment, the reservation of 
the requested bandwidth in the link is preceded by making a check to see if 
5 the Hnk is already reserved for the same request, and if it is pre-reserved, no 
additional reservation is made; hence, duplicate reservation can be avoided 
and the link utilization efficiency can be increased accordingly. 

The first and second embodiments have been described in respect of 
the case where the destination information FW accompanying the requested 
10 bandwidth information BW specifies no particular destination edge node, that 
is, all the edge nodes are specified, but when one or more particular edge 
nodes NDi are specified, it is decided in step S3 in Fig. 9 or 13 whether the 
reservation-requested bandwidth is less than the residual bandwidth of which 
link on the paths Pji from the edge node NDi to the specified destination edge 
15 nodes NDi, and if so, the requested bandwidth is reserved for the links on 
those paths Pji in step S6-4 in Fig. 6 or 13. 

The procedure of Fig. 9, 10, or 13 may be prestored as a computer 
program in the storage device 30 so that it is read out thereof for execution by 
the control part 30. In such an instance, the processing by the shortest path 
20 calculating part 14 and the admissible bandwidth calculating device 15 is 
implemented by executing the program read out from the storage device 30. 

Further, while the first and second embodiment have been described to 
have the bandwidth management apparatus 100 placed in each edge node, it 
may also be disposed at one or more locations on the network, in which case, 
25 on receiving the bandwidth reservation request RQ from respective edge node, 
each bandwidth management apparatus decides whether to accept the 
requested bandwidth reservation and sends the decision result to the edge 
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node. 

Moreover, in the first and second embodiment the Hnk-bandwidth 
table 12 has recorded thereon the pre-reserved bandwidth, but the residual 
bandwidth may be replaced for the pre-reserved bandwidth, in which case, 
5 upon each new bandwidth reservation for each link, the reservation-requested 
bandwidth is subtracted from the corresponding residual bandwidth in the 
link-bandwidth table 12 to update it. That is, in step S6 in Figs. 9 and 13 
and step S9 in Fig. 10, the maximum admissible bandwidth of each link is 
used as the initial value of the residual bandwidth, and each time the 

10 bandwidth reservation request is decided to be allowed, the 

reservation-requested bandwidth is subtracted from the residual bandwidth of 
the link to update it. Naturally, in step S2 in Figs. 9, 10 and 13 the residual 
bandwidth corresponding to the retrieved link may needs only to be read out 
of the link-bandwidth table 12. 

1 5 Fig. 14A shows an example of the network for evaluating the present 

invention by simulations. Figs. 15 and 16 are graphs in which the maximum 
values of the requested bandwidth, which are decided to be admissible in the 
network by the procedures depicted in Figs. 9 and 1 1, are each expressed as a 
function of the bandwidth to be reserved by each edge node (regarded as the 

20 maximum input traffic) x. 

The network of Fig. 14A is composed of a total of 10 nodes (NDl to 
NDIO), seven of which are edge nodes (NDl to ND7) and three of which are 
core nodes (ND8 to NDl 0). In the illustrated network the maximum 
admissible bandwidth of links is set at 50 [Mb/s] except the links shown in the 

25 table of Fig. 14B, and the cost of each link is indicated by the numerical value 
attached thereto and equal in two directions. 

For the sake of simplicity, the input bandwidths from the edge nodes 
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except ND5 are all set at x [Mb/s]; the bandwidth y [Mb/s] admissible to the 
edge node ND5 obtained by the Fig. 9 procedure of the first embodiment is 
shown in Fig. 15, and the bandwidth y [Mb/s] by the fig. 13 procedure of the 
second embodiment is shown in Fig. 16. 
5 As will be seen from Figs. 15 and 16, the maximum admissible 

bandwidth y in either case remains at a constant value 50 Mb/s irrespective of 
the value x until x=5 Mb/s, and thereafter the value of the bandwidth y 
decreases as the value x increases. Moreover, the link utilization efficiency 
is increased by the Fig. 1 3 procedure that does not involve the duplicate 
10 reservation; the value of the maximimi admissible bandwidth y is larger in the 
second embodiment than in the first embodiment as is evident fi-om a 
comparison of them at 20 MB/s in the bandwidth x. 

EFFECT OF THE INVENTION 

15 As described above, according to the present invention, the use of the 

proposed algorithm permits reduction of the number of patterns to only one 
irrespective of the number N of edge nodes to which a datagram of x [Mb/s], 
and the admissible bandwidth of a new datagram can easily be estimated with 
low computational complexity. The use of the algorithm of the present 

20 invention markedly suppresses the computational complexity in a small-scale 
network as well. 
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